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President-E. D. D. DAvIS, F.R.C.S. [December 2, 1938] DISCUSSION ON INTERNAL-EAR DEAFNESS Mr. F. W. Watkyn-Thomas: By "internal-ear deafness" we mean deafness due to changes, primary or secondary, within the cochlea itself; that is to say, deafness consequent upon changes in the nerve fibres or endings of the organ of Corti or in the cells of the cochlear ganglion. Differential diagnosis is from lesions of the nerve-trunk and its central connexions on the one side, and from lesions of the middle ear on the other.
(1) From lesions of the trunk and connexions: The general features of the central lesions are those of increased intracranial pressure, often associated with interference with the 5th and 7th nerves. The special features are summarized in this ' Hydrops labyrinthi ", according to Brunner, is caused by pressure of a tumour, especially in the cerebello-pontine angle, on the veins draining the inner ear. This view is generally accepted. The question now arises whether general raised intracranial pressure can so raise the pressure of the perilymph as to cause intracochlear disturbance.
Another point arises in this connexion. Is there any means available of distinguishing between a lesion sharply limited to the nerve-trunk, such as a localized neuro-meningitis, and a lesion of the cochlea ? As far as I know there is none; possibly some development of the estimation of the chronaxis of the nerve might be worked out, as has been done by Gosta Dohlman for the vestibular nerve.
(2) From lesions of the middle ear: The cardinal signs of internal-ear deafness are MAR.-OTOL. 1 shortening of bone conduction, lowering of the high-tone limit and, in consequence, a shortened positive Rinne response, with lateralization of the Weber test to the better side. Dida Dederding holds that in true internal-ear deafness the loss of high tones is proportionate for air and bone, as tested by the monochord. There are other peculiarities which are suggestive rather than decisive and will be considered later.
But, first and foremost, wse should make it a general rule that a diagnosis of internalear deafness must never be made until we are sure, by actual proof, that the Eustachian tube is patent, and the mnembrane mobile. I think it was Mr. Sydney Scott who first showed me that an obstructed tube with an impressed membrane can produce many of the signs of internal-ear deafness, and that when the obstruction is removed the bearing returns to normal and the signs disappear. In these cases I have found that, although there is a shortened " positive Rinne " with some loss of bone conduction for a fork of 2536 d.v. and loss of high tones by air, there is no loss of high tones by hone condluction to the monochord. I am certain of this as a clinical fact; the physiological explanation is obscure. If it is true, as held by some, that the high tones reach the cochlea by the round window it is possible that, in these cases, the loss of high tones by air conduction is due to alteration in the tension of the membrana secundaria of the round window. (It has been suggested, from some results obtained by Hughson and Crowe on the Wever-Bray response, that an increase of pressure at the round Nindow can increaC(r the hearing power. It is important to remember that no confirmation of this has since been obtained.)
The loss of bone condluction may be due to inward displacement of the stapes by the membrane and ossicles, and wouild thus resemble the fading of bone conductioni in the Gelle test, when the stapes is forced inwards by pressure in the meatus. Kobrak has shown that fixation of both windows with plaster of Paris abolishes all soun(d whether by air or by bone as shown by the stapedius reflex. D%es it also abolish the electrical responses to bone-conducted sound
In estimating the loss of high tones, especially bv bone, there is often a disparity between the high-tone limit, as estimated by the monochord, and the loss as showi-n by audiometer. In my experience the loss shown by the audiometer is always greater than that shown by monochord. As far as I know, no attempt has been madle to estimate the intensity of the monochord sounds if this were done it might help to clear up the confusion. This is especially important in the diagnosis between true internal-ear deafness and otosclerosis. Dederding, in her paper, finds no loss of high notes by bone conduction to the monochord in otosclerosis. This has not been mv experience ; in advanced cases of otosclerosis I am convinced that there is often secondary degeneration of the cochlea. In this connexion I have seen several cases of clinically unilateral otosclerosis of the " cochlear " or Manasse type, in which it is generally adlmitted that the deafness is of the internal-ear variety, where skiagrams by Dr. Graham Hodgson showed otosclerosis in the good ear, although hearing tests revealed no abnormality.
The diagnosis between primary internal-ear deafness and secondary nerve deafness in a long-arrested but resurgent otosclerosis may be of the greatest importance ; in middle life a small degree of primary internal-ear deafness is rarely actively progressive, an awakened otosclerosis may advance with formidable rapidity. In such a case, if the hearing tests are inconclusive, a skiagram of the labyrinths mill often supply the answer. The symptoms of internal-ear deafness are those which we would expect from the hearing tests. As there is a loss of high tones rather than low, the patient's greatest difficulty is in general conversation, where we have to depend on overtones to distinguish one voice from another; as his bone conduction is affected he does not find using the telephone easier than listening to ordinary speeeh; as he can hear low tones well he is deafened rather than helped by noise. This is almost diagnostic between the otosclerotic and the patient with primary internal-ear dleafness; the otosclerotic, even when he does not regard noise as helpful, is happily indifferent to it. This reaction to noise of the nerve-deafened patient is a point of considerable interest. It is probable that in the normal subject noise causes contraction of the stapedius muscle, with partial immobilization of the stapes and diminution of the acuity of hearing. If the subject's hearing is already below normal, such a mechanism will reduce it uncomfortably, provided always that the stapes is mobile: but the otosclerotic, with the immobilized stapes, will be entirely unaffected. Further, a loud noise in one ear can probably produce a bilateral stapedial response. This probability must be remembered when we attempt to mask one ear by the Bardny noise-machine or otherwise while testing the other. Diplacusis is common in internalear deafness, but it is not unknown in cases of pure middle-ear deafness.
Islands of deafness are common in internal-ear deafness, especially in cases where the deafness is due to trauma. I have never found them in true middle-ear deafness, but I believe that they have occasionally been found in otosclerosis.
The causation of internal-ear deafness. In considering this there are three factors which we must take into account: the blood-stream, the endolymph, and the perilymph. Changes in any one of these circulating fluids may affect the nerve supplv of the organ of Corti. The simplest example is invasion of the perilymph space by organisms in suppurative labyrinthitis or, by the internal route, in meningococcal meningitis. Such gross manifestations as these do not concern us now, but there are minor invasions wNhich will (lemand consideration. The circulatory arrangement of the cochlea is peculiar. The arterioles of the stria vascularis are of the same calibre at entrance and emergence, and in the organ of Corti itself no capillaries can be detected; from this last fact it has been suggested that the tissue exchange of the organ of Corti is through the endolymph. It will be remembered that Mr. Hallpike drew our attention to this point in his recent paper on Meniere's syndrome. But it is not easy to prove a cauisal relationship between arterial changes and internalear deafness. I do not minimize the possible importance of vascular changes: we see the clinical association of arteriosclerosis with high-tone deafness too often to (lismiss it as insignificant. I only remark that pathological proof of the correlation is lacking. Crowe, Guild, and Polvogt carried out an extensive research on the temporal bones of 79 patients who during life had shown high-tone deafness wvith normal hearing for low tones. They confirmed the opinion, postulated by Helmholtz and supported by much experimental work in recent years, that the receptors for high tones are in the basal turn of the cochlea, and were able to separate two groups of cases: A group in which there was a gradual dropping off of high tones with atrophy of the cochlear nerve supplying the basal turn, and a group in which there was an abrupt fall, with atrophy of the organ of Corti, especially in the external suleus.
The patients in the first group were nearly all over 59 years old and showed generalized arteriosclerosis, but not, usually, arteriosclerosis in the cochlear vessels. These are cases of senile deafness, -which is probably a normal process of advancing age.
But in the second group deafness started in the early forties, and nothing was found which so much as suggested any oetiological factor. It is this group of cases, characterized by a high-tone deafness of early onset with an abrupt fall in high tones, which is of particular interest to uls clinically. In the absence of any other possible cauise we are compelled to consider some change in the endolvmph, and it seems to me that the most probable cause of that change is some toxic influence, either bloodborne or via the middle ear. The action of toxins by the blood-stream is well known; the work of Taylor on quinine is of particular interest, as he has brought forwNard a great deal of evidence to show that quinine medication of the pregnant woman can prcduce congenital deafness in the child; we must remember in this connexion that quinine is now widely used not only in the treatment of malaria but also as a means of accelerating labour, legitimately or otherwise. Wittmaack has foulndi that in (logs, as we know clinically in man, there are individual idiosyncrasies to quinine. In sensitive subjects there seems to be a double action a fall of the intralabyrinthine pressure with collapse of Reissner's membrane, and changes in the ganglion cells.
Wittmaack believes that two factors are at work a specific toxic action on the nerve elements, and a protective ischaemia which limits the attack of the poison but at the same time lowers the intralabyrinthine pressure.
Other drugs which cause internal-ear deafness are salicylates, arsenic, the vapour of benzine, and tobacco. Carroll and Irelandhave recently reported cases of " island (leafness " associated with tobacco-alcohol amblyopia.
But interesting and important as these conditions are, I believe that from our point of view, of all the blood-borne toxins the most important are the endogenous, the toxins produced by focal lesion elsewhere. Here let me admit at once that we are on slippery ground. We can argue only by clinical observations; histological and experimental proof are lacking. In support of this view I will refer to Mr. A. J.
Wright's recent paper on Meniere's syndrome, in which he suggested that many cases of this condition are due to a serous labyrinthitis secondary to focal infection elsewhere; further, you will remember, in support of this hypothesis, he found that elimination of such septic foci usually cured the condition. In internal-ear deafness I believe a similar, but milder condition, often exists. Unfortunately adequate clinical evidence is difficult to produce. In many cases of internal-ear deafness we find evidence of focal sepsis. When this is cured in some cases the hearing is remarkably improved; in the majority it remains unchanged it (loes not improve, beyond the improvement which we notice with the improvement of general health in any deafness, and it does not get worse. As to the failure of improvement perhaps the damage is already done to alter a little the words of the poet-" the evil that teeth do lives after them "; as to the arrest in the process, we must remember that in the majority of cases internal-ear deafness advances slowly and often remains stationary for years, so we cannot fairly build too much on that. Nevertheless, I am convinced that along this line is our best hope of progress. I should like to say at once that Ido not advocate chop-it-and-chance-it surgery; I do not think that every patientw ho falls into our hands with internal-ear deafness should leaveus minus teeth and tonsils, with every sinus drained and portions of his intestinal tract ablated, but I (lo say that all these things should be investigated, especially those regions which lie bevond our ken, his appendix, his gall-bladder, and his prostate. Attacks on the accessory sinuses have usually disappointed me, and the more I hear of intestinal stasis as a cause of deafness the less I believe in it. Occasionally wse see a patient whose hearing improves after a course of intestinal lavage, but in my experience they are rare. We must remember that anything which improves a patient's general condition diminishes his liability to fatigue, mental and physical, and so increases his power of attention. He does not really hear better, he only listens better.
In the acute specific fevers, especially in scarlet fever and mumps, we have cases of interncal-ear deafness either blood-borne or by the perilymph. It is not uneommon to find cases where internal-ear deafness was first noticed after pneumonia or influenza. Internal-ear deafness due to syphilis is, I believe, a diminishing problem; I have found only four cases in the last two years, all of them congenital, and it was not for lack of looking for them. In the time at my disposal I shall deal very briefly with this condition. It is generally agreed that in congenital syphilis the injury is to the cochlea, and the work of Fraser and Mayer has shown that the typical lesion is a gummatous osteo-periostitis, with secondary changes in the cavities. Such a multiplicity of possible lesions can well account for the protean manifestations of the condition. In acquired syphilis the lesion is either a neuro-meningitis, primarily affecting the nerve-trunk, or else a gumma, which can occur anywhere. Uncommon though syphilitic deafness may be, it must never be forgotten; especially in cases of sudden deafness of the internal-ear type in young adults. So much for invasion from within; next we must consider invasion from without.
We have all seen examples of this, particularly in cases of pneumococcal infections when, although we have achieved an excellent suirgical result with a healed ear and an intact static labyrinth, the patient is left with a(n internal-ear deafness of varying, sometimes considerable, severity. I wouild suiggest that these cases are far more comnmon than we realize. I have been struiek by the frequency with which patients who come to me in middle life with internal-ear (leafness give a historv of acute aural infections in boyhood. In such cases all that can be seen is a scar on the membrane, the tube is patent, membrane and ossicles are imiobile, and there is no sign of middle-ear deafness. It is (lifficult to explain, if this view is correct, why the deafness is not appreciable until middle life. It nay be that by then the patient has had ample opportunity for damaging his ears by tobaccO and the strain of noise it may be that the original damage has started a slow (legenerative process.
Noise is a factor which we miust never forget. The researches of our colleague Mr. Ritchie Rodger and developed by Wittmaack, Yoshi(lo, von Eicken, and mlore recently by Temnkin, have proved conclusively that long-conitinuedi noise can damiiage the organ of Corti. From this prove(d fact wk-e are entitled to regar(I the continued uproar of our streets as a danger to hearing, especially to hearing already damaged. The damage done by sudden noises or concussions of the ear without fracture of the labyrinth has been questioned. I have two cases in one of which deafness followed a blow on the ear from a book, and had lasted, when I sawN the patient, thirtY-odd years, and another of similar duration followed a blow in a boxing competition. In neither case wras there any loss of labyrinth fiunction, and(I I would suggest that this may be due to two causes the action of the utricuilo-en(lolymphatic valve, and( the fact that the older fuinction has the higher power of survival. Just as in the larynx adductioni survives abduction, so in the ear the vestibular labyrinth has a greater power of survival than that parvenu of the special senses, the organ of Corti.
Treatment. If we can find a cause our problem is simlple. The most likely caulse is a septic focus and, if possible, it must be eliminate(l. Dental sepsis is the lost hopeful, and of all dental sepsis that due to an imnpacte(d wis(lom tooth or a crow-nied stuimp is the most likely to repay our efforts. Tonsillar sepsis comnes a bad second.
Acce,'sory sinusitis, unless there is definite retention of pus, (loes not seemii to be a common cause. Abdominal foci 1 have already mentionied.
Faradism and the various forms of vibro-massage are much use(d on the Continent, and some patients certainly claimn considerable benefit from them. Personally I am rather sceptical of their value except as increasing local bloo(d supply, and I feel that the greatest caution should be exercised in their mise.
Protection from noise is important, and I have foundi(l protectors ancd soft plugs most usefuil.
The physicians can often help uls with thle patient's general health, and wsith his vascular condition if arteriosclerosis is present; but very often I find that the patient hears better when his blood-pressure is a little up rather than too mulch dowsin. Recently some encouiraging results have been reported from the uise of vitam1in1 B in large doses, but the work is still too newv for criticism.
In these cases the modern development of the valve-hearing aid, properly an(d carefuilly a(lapted to the need of the individual, is often of the greatest help.
Lastly, in every case of internal-ear deafness we must remember that the imost trivial andl transitory additional middle-ear deafness adds dlisproportionatelv to the patient's (liscomufort. Mr. Suggit showed a number of autdiograms represeniting different types of internal-ear deafness, of which the following are a selection. These audiograms were made with the Western Electric 2 B E audiometer in the Silence Room at University College Hospital. The hearing for the upper tones is much diminished, similar to an internal-ear deafness, but the bone conduction remains normal in the lower tones in contrast to a marked air-conduction loss. H  FIG. 3. -A woman of 38 with deafness in the right ear since the age of 12, and in the left ear since the age of 17; paracusis and tinnitus. She illustrates the patch type of loss in advanced otosclerosis. Sister, mother and grandmother deaf. The hearing of the right ear of a man of 54 wNho had been deaf in the left ear for thirty-three years and in the right not so long. During this time he had always had attacks at varying intervals of vertigo and falling to the right. He had a bad attack six days previously and on examination he had practically no useful hearing for ordinary conversation. He was put to bed on a sodium-free diet and ammonium chloride. Three weeks later his hearing showed a very great improvement, not only in level, but in range in the lover tones. Audiograms taken five months later, 1.11.37, showed still further improvement. 
